Wood harvesting is an important source of income and a direct threat to mangrove forests in West-Central Africa. To understand the effects of this activity on mangrove ecology, it is necessary to assess harvesting practices of local communities. Knowledge on those is scarce for this region; we therefore examined implications of gender roles on the sustainability of mangrove forests in the South West Region (SWR), Cameroon. Socio-economic surveys, focus group discussions and forest inventories were used for the assessments. Mangroves in the studied sites were dominated by Rhizophora racemosa. The Simpson's diversity index did not vary significantly between exploitation levels. The current harvesting style by women (compared with men) is characterised by a larger working area but closer to home and more seasonal, intensive harvesting of smaller trees. This enhances mangrove ecosystem degradation, whereby the effect is exacerbated because of the catalytic harvesting practices of men (less frequent, small scale, selective harvesting of larger trees). To help sustain mangroves in this region, further research on wood harvesting practices and implications for factors affecting growth is essential. To improve harvesting strategies, communities need to be provided with alternative sources of livelihood and educated on the values of mangroves and regeneration techniques.
Introduction
Mangrove forests are crucial not only as unique ecosystems with their own inherent qualities, but also for the support they provide to other biologically diverse ecosystems, including humans. Mangroves provide a range of ecosystem services, including providing nursery for fish species, controlling water chemistry in estuaries and coastal zones and protecting human and natural habitats from floods and similar climate disasters (Dahdouh-Guebas, Hettiarachchi et al. 2005; Worm et al. 2006; Nagelkerken et al. 2008) . Despite being invaluable, mangroves have often been regarded as 'wastelands' in the past, because of their 'swamp-like' terrain, abundance of insects and pests and unattractive smell. Regardless, many rural and urban coastal dwellers in Cameroon have recognised the value and livelihood benefits available in mangrove-rich areas hence the increasing need for their conservation and further development. These large socio-economic benefits have been extensively documented (Kjerfve et al. 1997; Dahdouh-Guebas et al. 2000; WRM 2002; Walters 2005b; Walters et al. 2008) .
The unsustainable use of mangrove resources as a result of increasing population size and loss through ecosystems conversion for development activities is fragmenting and depleting this system on a large scale (Alongi 2002; WRM *Corresponding author. Email: feka_nz@mespom.eu 2002; Duke et al. 2007) . Between 1980 and 2006, the mangroves of Cameroon were reduced by about 30% as a result of human and natural drivers (UNEP-WCMC 2007) . There is growing scientific consensus that human-induced disturbances may permanently alter the ecological functioning of mangrove forests (Jimenez et al. 1985; Sherman et al. 2000; Worm et al. 2006 ). This might affect its capacity to sustain the provision of benefits to humans. However, mangroves have a remarkable natural capacity for regeneration when disturbed or afforested (Ellison 1998; Zuleiku et al. 2003) . There are many factors that can impact the rate and quality of a mangrove's self-restorative power (Bosire et al. 2003 (Bosire et al. , 2004 . When threatened by human-induced degradation, the mangroves' natural rate of regeneration is unable to keep up. Human cutting of mangroves for use as fuel wood and for construction materials is the most pervasive and intrusive threat to these unique habitats in West-Central Africa for instance (Dodman et al. 2006) . Wood harvesting can be seen as the catalyst that opens mangroves to other forms of degradation and depletion. However, there are also indirect or hidden changes that take place within mangroves that can jeopardize their natural functions, such as examples of cryptic ecological degradation observed in Sri Lanka .
It is now commonly recognised that mangrove wood harvesting is a core economic activity for coastal communities in Cameroon and the rest of Central and Western Africa (Kjerfve et al. 1997; Ajonina and Usongo 2001; Macintosh and Ashton 2005) . However, without greater knowledge and research into methods of use, there is a high likelihood that current practices will undermine the natural sustainability of the mangroves and hence the livelihoods of local communities that depend on them. To better understand the impacts from mangrove wood harvesting, it is necessary to assess the harvesting customs and practices of local communities and correlate human activity with changes in tree population and forest structure, composition and regeneration patterns adopting trans-disciplinary frameworks (FAO 1994; Sherman and Fahey 2001) . A number of studies have examined the use of mangrove wood by coastal communities in Cameroon and beyond (Diop 1993; Ajonina and Usongo 2001; Din et al. 2008; Feka and Manzano 2008) . Results of these investigations demonstrate the high economic value of this activity to coastal communities and local governments. However, there is limited empirical information on the impact of wood harvesting activities on mangrove ecosystem structure and regeneration for this region (Ajonina 2008) . Furthermore, data on resource use variations by gender in the wood harvesting process are unavailable in Cameroon. A cursory review of the ground-level activities reveals that such information is essential in understanding forest management dynamics (Robert et al. 2006) .
Traditionally, studies examining the impacts of gender roles on natural resources management have concentrated mostly on terrestrial forests (Awumbila and Momsen 1995; Ajonina et al. 2005; Fonjong 2008; Inoni 2009) . Equivalent research on the impacts of gender roles on mangrove forest ecosystems does not exist, particularly in Cameroon. Moreover, general understanding on the impacts of wood harvesting on the ecology of mangroves is still limited (Walters 2005b; Walters et al. 2008; Alongi and de Carvalho 2008) . We therefore contributed to bridging this gap by investigating how gender activities influenced the ecology of the mangrove forests in the South West Region (SWR) of Cameroon. The results of this study will contribute to improving sustainable management practices of mangrove forests in Cameroon and throughout Western Africa.
Methodology

Description of study region
This study was conducted in four coastal villages of the SWR of Cameroon. The coastal border of the SWR falls along the Gulf of Guinea in Western Africa. Its climate zone is characterised as ranging from maritime to equatorial type and is locally influenced by the presence of Mount Cameroon, the highest peak in West-Central Africa. Average precipitation reaches about 10,000 mm per year in Debuncha, while temperatures averages range from 25.5 • C to 27 • C during the rainy months and can reach 32-35 • C during the hottest months from November to December (Neba 1987) .
This study was conducted from February to July 2006, and later completed in July 2008. Study sites were selected based on their importance as fish landings and/or the presence of mangrove wood use activities as identified from survey maps complemented by information from Njifonjou (2005) and Mbog Marius (2005 personal communication). Field sites were located in Fako and included Tiko Creeks and Kangue which are located about 30-35 km south of Buea, the administrative capital of the province (Figure 1 ). These sites are 2 of the 34 fishing sites located within or adjacent to the 19,000 ha of mangrove forests in the Fako administrative district. Two other sites, Bekerry and Bessengue, are located in Ndian and are 85-93 km southwest of Buea. They are among local fishing sites located within the 101,500 ha of mangrove forests that occur in the Ndian administrative district. Coastal fishing and related activities are the major economic activities in the region and the intensity of fish landings dictates the pace at which other economic activities are able to flourish in the study sites.
Socio-economic surveys
Data were collected using group discussions and semistructured questionnaire in 143 households across 5 sites. However, for the purpose of this paper, we present information for four sites as forest inventory and subsequent follow-up study was not conducted in the fifth locality because of access difficulties. Only one person per household was interviewed to avoid repetition from members of the same household. Questionnaires were systematically administered across sites to households, on the basis of involvement in wood harvesting activities. We used this sampling approach because the family heads of certain households were not willing to cooperate, so this strategy enabled us to talk to as many households as possible in all sites. Some of the households' representatives were hesitant in answering questions for fear of personal information being leaked to immigration services. This exercise enabled us to quantify wood harvest frequencies.
To overcome scepticism from the locals, interviews were conducted in 'pidgin English' with the help of local guides hired from the villages. These local guides also facilitated moving around the villages, reducing hostility and suspicion and facilitating reception and a fluent conversation with the respondents in the households visited, particularly among the Nigerian respondents. The information gathered was then filled out on questionnaire forms in English. In situations where cultural inhibitions prevented the respondents from answering questions (for instance, when some women could not answer questions because their husbands had not authorized them), visual observations were substituted as a method of determining whether to continue with the interview. A few problems encountered during the survey related to the current open access of the region's mangroves by local communities for exploitation. Often it took several visits and conversations to gain the confidence of some respondents, who were identified as mostly illegal immigrants.
Assessment of wood harvesting practices and gender characterisation
To complement the village surveys, four groups of wood harvesters (2 male and 2 female, i.e. 16 groups) were monitored from March to April 2006, by accompanying them fortnightly to different harvest sites over a 6-week period to observe how wood harvesting was done by both sexes. These field visits were followed-up in July 2008 with focus group discussions to understand gender group wood harvesting dynamics. Assessment of the types and characteristic of wood harvested by the different groups across the different sites was done using conventional 5 m graduated measuring tape. Wood-piling coefficient (f ) and tree-form coefficient (f ) were determined following approaches described in Feka and Manzano (2008) to facilitate wood volume calculations.
Assessment of forest structure and regeneration under different harvesting levels
The various wood exploitation levels were categorised using a stratified sampling approach. These were (T 1 ) for heavily exploited, (T 2 ) for minimally exploited and (T 3 ) for no exploitation levels. Criteria for selecting the different levels of exploitation were based on canopy cover, tree size and undergrowth presence of invasive species. The location of field plots was chosen based on prior surveys, the use of maps and with the assistance of experienced local wood harvesters. Four plots measuring 10 m × 10 m were identified so as to represent each of the three exploitation levels at each field location totalling 24 plots in Fako and 24 plots in Ndian. The systems for plot selection and measuring were based upon the same methods as in Cintron and Schaeffer-Novelli (1984) with plot limits defined using red paint and twin ropes. Trees with a diameter (D 130 ) >2.5 cm were recorded and measured. Tree diameter measurements were taken at a height of 1.30 m (using a diameter tape). For trees with stilt roots above 1.30 m, the diameter was recorded at 0.3 m above stilt root or at convenient distances that facilitated measurements as outlined in studies by . For all trees with D 130 <5 cm a calliper was used while a diameter tape was used for trees with a D 130 ≥5 cm. Only trees rooted within the plots were considered. Tree height was measured from the D 130 point -formerly referred to as DBH but adapted by Brokaw and Thompson (2000) to D x (x denoting the height at which the diameter was measured) to the end of the first prominent branch of the tree crown. Height measurements were conducted using Suunto Clinometer for trees ≥5 m and a graduated pole was used for trees ≤5 m. Tree species identification was done in the field using local names, while samples were collected and coded for subsequent identification at the Limbe Botanic Garden.
Seedlings and saplings ≤2.5 cm diameter at the point of measurement from ground level were measured within a single 5 × 5 m 2 subsection located randomly within each of the 10 × 10 m 2 plots of T 1 , T 2 and T 3 samples. Seedlings and saplings were later grouped into regeneration classes (RCs): RC 1 for diameters ≤0.90 cm, RC 2 for diameters 0.90-1.50 cm and RC 3 for diameters 1.50-2.50 cm. We grouped the classes as such because of the difficulty to distinguish individuals into cohorts since Rhizophora racemosa Meyer can exist for several years as suppressed individuals in the undergrowth (McKee 1995) .
Data analysis
Seventy four percent (106) of the questionnaires administered were analysed. The remaining fraction was disqualified because respondents were uncooperative during the interviews or questionnaires were submitted with incomplete data. Questionnaires were sorted under gender groups to categorise mangrove wood harvest practices, cost of harvesting and frequency of harvesting. Descriptive statistics such as mean, range, standard deviation (SD) and percentages were also used to the results of this study. Forest survey data were pooled together and compared using a one-way analysis of variance, with exploitation levels considered as treatments. Forest inventory data were transformed into mangrove wood values using the following mathematical relationships:
Number of stems per plot (in ha) = Number of stems in plot Plot area (in ha) ,
BAi,
where h is the height; f the coefficient of form; BA the basal area in m 2 ; D the diameter; π a constant (22/7); BAi the individual tree basal area; BA T the total basal area/plot area in hectares; and kai the volume of individual wood piece.
Results
Gender roles in mangrove wood harvesting
The total population of the field study sites is grouped as follows: 62.58% men, 25.66% women and 11.76% children (Table 1 ). The mean number of persons per household across studied sites was estimated to be 2.56 with a range of 0-13 and SD of 2.98. Harvesting of mangrove wood is carried out by both men and women. However, while it is almost a year-round activity for men, it is a seasonal activity for most women. The women respondents harvested from June to August during low tides across all sites and operated mostly in groups of 2-10 people (Figure 2a ) in a given collection site. Sometimes their children, regardless of their sex, provided assistance. Women harvested using rudimentary tools/equipments such as machetes and transported the wood using hand-pulled boats. The women explained that most of the harvesting is supposed to take place before the fishing season from October to May. The harvested wood is stockpiled in temporary 'parks' in the forest for later transportation from mid-August onward during high tides. This movement is conducted by the use of hand-pulled boats, used for transportation to facilitate entry into the interior mangrove forests. However, during years of low fish harvests, the women might not completely retrieve harvested wood from the temporal parks; hence, there was an increase of the risk of wood being abandoned, eventually left to decay in the forest. Women harvest mainly around settlements, mostly harvesting small-diameter trees, and often cutting up to 8.21 m 3 (SD = 1.8 m 3 ) per month. They harvested about 60-142 saplings or young trees to fill a 'boat' amounting to a volume of 0.86 m 3 (Figure 2b ). In addition, the women sometimes obtained wood by scavenging, the branches and small-sized trunks abandoned by the men in accessible areas.
The peak harvesting season for men is from November to February and while some also create wood storage piles Tiko creek  754  250  321  183  112  Kangue  600  350  170  80  150  Bekerry  106  17  81  8  40  Bekumu  15,000  4000  9500  1500  3000  Bessengue  3,100  600  1900  400  1230 Source: Feka and Manzano (2008) . in the forest, it is less customary for them to do so. The distances men travel from their settlements to harvest varied widely and is primarily related to the specifications and type of wood in demand. No systematic data were collected to properly estimate the distance men travelled to harvest. It was reported that they regularly harvested larger sized logs ( Figure 2c ). They harvested about 1.25-4 stems of fully grown trees in 6-12 hours over 1-2 days to collect a 'boat' full, equal to approximately 0.92 m 3 . The harvested wood was transported manually on their shoulders along established muddy tracts to 'boats' about 100-500 m from the harvest points in the mangrove forest. The majority of the wood harvested is for selling to local fish smokers; however, in some cases men harvested wood for their wives in exchange for cash. This payment as pointed out by some of the men was because their wives were using this wood to smoke fish that would be sold. In addition to the basic tools used by women, the men utilise axes and chain saws for harvesting and motorised boats for transportation of wood. Generally, the mean wood harvest load for men was 4.80 m 3 (SD = 1.90 m 3 ) per individual with a reported maximum of up to 16.50 m 3 per month. Irrespective of gender, it was observed that there were 11 'wood business promoters' within the study sites. The 'promoters' comprised 82% men and 12% women and financed wood harvesting activities mainly during the fishing season. The 'promoters' paid all contracted harvesters weekly wages; however, examining wage compensation for harvesting was not within the scope of this study.
Wood harvest patterns
Based on follow-up visits to wood harvesters in the different harvesting areas, it was observed that the men started the exploiting activities in most pristine mangrove forests by cutting large-diameter trees and, in some instances, were then followed by women and children who harvested what was remaining. However, the harvest pattern by women of harvesting sites did not exactly follow that of the men, as the former primarily harvested more closely to the settlements. In instances where women initiated pristine forest harvesting, the focus was on small-to medium-sized trees. This is partially a function of the basic tools and physical strength available to women. The wood harvesting frequencies per month and per gender group varied within a range of 0-25 times for men, with a mean of 6.25 and a SD of 3.16 for any typical month between November and February, and in a range of 2-20 times for women, with a mean of 9.61 and an SD of 4.21 for any typical month from July to August (Figure 3) . The highest harvesting frequencies occurred during the peak fish season for men and low fish season for women.
It was observed that the mean wood harvesting area for women was about 2000 m 2 , with a range of 400-2500 m 2 , whereas for men the mean was about 500 m 2 with a range of 10-600 m 2 . The frequency of visits to harvested wood sites varied from a mean of 6, ranging between 4 and 13 times for women, to a mean of 2, ranging between 1 and 3 times for men. Women visited the same exploitation site for as long as wood was available for cutting (see characteristics of wood sites harvested by women above). Although men visited their sites for the same reasons, they seemed to practice selective logging because of the characteristics of wood they harvested. Women acknowledged allowing time for forest rejuvenation, which is during the peak fish season -October-May. This time was assessed to be about 16 months, because as pointed out by women: 'we often start the new harvesting season in an area which we logged twelve months back'. However, men were unaware of the need to consider fallow time because they pointed out that 'it takes too long for trees to mature to the size that we need', so 'we continue trailing the forest as demand arises'. The cost of harvesting for women was almost constant at 3750 Fcfa (C5.02) per trip. This was derived using a substitute market prices method because women relied heavily on family support and house subsidies. The cost of harvesting for men varied with a mean of 8050 Fcfa ( C10.75), ranging from 3750 Fcfa (C5.02) to 16,750 Fcfa ( C22.23), SD 3550 Fcfa (C4.80). The money was used to hire labour, for tools and to purchase fuel for boats for each trip into the forest.
Harvesting levels and the ecology of mangroves
The species R. racemosa was the dominant in all pure stands and was the species most used as fuel across all sites of the SWR. In this paper, unless explicitly indicated, results are based on R. racemosa. The population structure of mangrove stands under different exploitation levels is shown in Figure 4 , and only T 2 and T 3 had trees of diameter ≥20 cm. The population characteristics of T 1 , T 2 and T 3 are shown in Table 2 . There was no significant difference in the tree density per hectare within T 1 (F 4,48 = 0.45; P =0.052) and T 2 (F 4,48 ; P = 0.74) ( Table 2) when compared between sites. The basal area, standing volume per hectare and mean stand height varied significantly between exploitation levels (Table 2) .
Mangrove stands in the field study sites were generally poor in floral species diversity; with the stands in Fako exhibiting absolute dominance of R. racemosa in all exploitation levels sampled (Table 3 ). In addition, there was a clear exhibition of a zoned pattern, with R. racemosa, Rhizophora mangle (L.) and Avicennia germinans (L.) Stearn forming pure stands. However, from field observations, the introduction of anthropogenic activities seemed to alter such patterns leading to more species diversification. In Ndian, R. racemosa was a principal species but other species were equally observed. Simpson's diversity index was almost the same 0.32 for T 1 and 0.35 for T 2, but Nypa spp. was observed to play the role of an invasive species as it dominated most of the previously logged areas, particularly in Ndian. The number of seedlings and saplings per hectare varied between harvesting levels ( Figure 5 ). However, within T 1 , there was no significant difference between the different RCs pooled together (F 4,48 = 14.49; P = 0.00154). In addition, population densities of seedlings and saplings within T 1 across sites seemed to vary because of different harvesting intensities. Similarly, within T 2 there was no significant difference between the different RCs (F 4,48 = 102.47; P = 6.42 × 10 -7 ), but there was variation in the population densities of the different RCs across sites. With reference to T 3 , there was no significant difference within and between the RCs of T 3 pulled together from the different sites (F 4,48 = 10.31; P = 0.0047). Based on our definition of seedlings used here and different RCs it was observed that there was a strong variation in propagule establishment and recruitment from RC 1 to RC 3 within T 1 . Similar variations were observed for T 2 and T 3 , with a general decline in the population size from RC 1 to RC 3 within and between treatments ( Figure 6 ).
Discussion
Implication of wood harvesting practices for mangrove forest sustainability
There are various reasons for mangrove wood harvesting within the studied sites in SWR (Feka and Manzano 2008) , but wood harvesting for fish smoking is the most important along the Cameroon coastline (Ajonina and Usongo 2001; Din et al. 2008; Nfotabong Atheull et al. 2009 ). Mangrove wood harvesting for fish smoking is an activity that involves both men and women. However, it is a seasonal activity for the women, as observed in this study. This partial occupation conforms to the multiple roles and responsibilities that women play in local societies (Awumbila and Momsen 1995) . In this case, the women readily switch from wood harvesting to fish smoking and vice versa. An evaluation of the effect of the harvesting activities by both men and women on the sustainability of the mangrove wood resource reveals the strong impact of the wood harvesting practices carried out by both sexes. Due to the harvesting pattern (larger area, smaller trees, less selective), women removed a significantly higher number of trees to fill a boat as opposed to men for the same purpose (smaller area, larger trees, selective) ( Figure 4) . This quantity and type of trees (small to medium trees) harvested by women has implications for the ability of the mangrove forest to develop properly because in the areas where the women harvested, most medium-sized trees were absent (Figure 4 ). In addition, the focus of men on large diameter trees might affect the availability of propagules for regeneration.
Women concentrated their harvesting activities closer to settlements and/or easily accessible areas, because of physical limitations. On the other hand, men harvested over a wider range and in a more selective manner. This is the because of the higher frequencies of harvesting and number of visits to harvesting sites by women over men (Figure 3) . Moreover, the comparatively higher frequency might be the result of the low harvest cost incurred by women, which means that during the harvest season there are very few constraints to the number of trips women can make to harvest. This is further enhanced by the little to no enforcement of regulations regarding wood harvesting in this region, a phenomenon that has also been observed elsewhere (Walters 2005b) .
While some of the gender differences in wood harvesting strategies may be linked to variations in the seasonal occupation, inventory data from this study indicate that the repetitive and higher harvest frequency by women relative to the men also affects the population dynamics of mangroves by reducing the number of available trees/tree-lets per stand. This conforms to findings that some roles of women in the exploitation of natural resources may undermine ecosystem sustainability (Gadio and Rakowski 1999; Cruz-Torres 2000) .
Despite these negative impacts, women might also play important roles in the conservation of natural resources, both by their collective and by their individual actions (Kiørboe et al. 2005; Arya 2007 ). For instance, as 'scavengers' women assist in cleaning the ecosystem and enhance the efficient use of resources. However, this leads to the removal of available nutrients from decomposing vegetation (Alongi and de Carvalho 2008) . Although allowing wood to decay in the forest is good for the ecosystem because nutrients are kept intact, paradoxically, resource use efficiency is undermined. On the other hand, while men might be viewed as practicing more sustainable wood harvesting, they are indeed catalysts because they set the stage for women to start harvesting. In addition, their year-round involvement in wood harvesting means overexploitation of resources is taking place because wood is dumped for as low as about 3500 Fcfa ($USD 7) per m 3 from a mean of about 8000 Fcfa ($USD 16.09) per m 3 during low fish season (Feka and Manzano 2008) .
As pointed out by Walters et al. (2008) and also observed in this study, it is typical for excessive exploitation of mangrove wood to occur close to settlements. This is a common phenomenon amongst mangrove wood harvesting communities all over the world (Walters 2005a (Walters , 2005b López-Hoffman et al. 2006 ). This pattern is the result of material poverty of coastal communities and their widespread dependence on mangrove wood products to meet basic subsistence. Hence, as a result of the combined actions of men and women, mangrove wood is over-exploited, depleting the ecosystem and lengthening the time women spend in fetching wood compared with men, and also increasing their workload.
However, when taken independently, both men and women have common but differentiated positive and negative impacts on the health of mangrove forests. But, their cumulative effects have the potential to drastically undermine mangrove ecosystem sustainability (Figure 7) . Without proper management measures, these combined actions might transcend the mangrove stands structural impairment to influence soil quality, forest productivity and physio-chemical properties of nutrient cycling (Ellison 1998; Ross 2006) . Although not all of these parameters were measured in this study, similar investigations Define structure, tasks and internal accountability and benefit sharing mechanism (local level organisation) indicate that persistent human interference in the mangrove forests has multiple impacts, including alteration of microhabitat structures along the forest floor, physical destruction of plant organs, disequilibrium of biological associations, indirect impacts on recruitment as well as interference with important macro-fauna significant to the structure and functioning of mangrove ecosystems (Cannicci et al. 2008; Rajkaran and Adams 2009) . Persistent harvesting over short time periods culminates in the compacting of the soil (FAO 1994) , and hence altering the stable substrate required for seeds to take root and carry-out regeneration. This disruption distorts the adaptive regenerative strategy of free landing R. racemosa propagules into the soil substrate (Harun-or-Rashid et al. 2009 ). This excessive removal of trees means that eventually, propagule sources (seed carriers) will disappear. All of these are critical factors in the regeneration of mangrove forests (McGuinness 1997; Krauss and Allen 2003; Thi-Ha et al. 2003) .
Implications of harvesting levels for mangrove stands ecology
The observed stand density for the pristine mangroves is different from results obtained by Ajonina and Usongo (2001) , Kairo et al. (2002) and Feka (2005) . This discrepancy could be attributed to the fact that these authors considered trees from diameter >1 cm in their census. However, harvesting of mangrove wood has impacts on both the forest structure and ecology (Walters 2005b; López-Hoffman et al. 2006 ). Results of this study indicate that because of harvesting patterns, the number of stems per hectare decreased by up to 60% for T 1 , but increased by 27% in the case of T 2 . Similarly, the basal area per hectare decreased by 90% for T 1 and 15% for T 2 , while the standing volume decreased by 92% for T 1 and 41% for T 2 (T 3 is the baseline for this comparison).
This observed variation in stand characteristics between the various exploitation levels is due to the various exploitation intensities, which have resulted in the removal of all trees ≥20 cm diameter from the heavily exploited mangrove stands. Nevertheless, the minimal exploitation of stands enhanced the density of small to larger classes while still ensuring the survival of trees ≤20 cm. This implies that some level of harvesting is necessary in order to improve the regenerative capabilities of mangrove forests as pointed out by Alongi and de Carvalho (2008) . This is because the creation of gaps through either natural or anthropogenic processes is necessary to ensure better growth conditions for mangroves (Clarke and Kerrigan 2000; Clarke 2004 ). However, chances for successful natural regeneration within mangrove ecosystems usually decrease as the canopy gap size increases (Clarke 2004) .
There is little empirical information on the leverage gap sizes or thinning levels that will enable such conditions. It is vitally important to better understand these relationships for community management initiatives where informal mangrove harvesting is taking place -as in this study -and for silviculture purposes. Uncontrolled harvesting greatly alters the microhabitat and the physio-chemical processes required for productivity of mangrove stands (Tomlinson 1986; McKee 1995; Di Nitto et al. 2008 ). It is probable that excessive harvesting of wood within heavily harvested mangrove stands caused trees and saplings to appear stunted in the study sites of SWR Cameroon. The consequences of the current harvesting patterns within heavily exploited stands are the likely depletion of such stands if no initiatives for sustainable management are applied. Mangroves of the region are dominated by R. racemosa, because the genus Rhizophora has a very limited ability to rejuvenate using vegetative strategies. Moreover, mangrove species do not possess a persistent soil seed bank (Tomlinson 1984; Harun-or-Rashid et al. 2009 ).
The implications of harvesting on the composition of mangrove forests are typically a function of its initial composition, presence of invasive species, ability to regenerate and further develop the intensity of harvesting (Tomlinson 1986; Kairo et al. 2002) . Other studies (Eusebio et al. 1986; Walters 2005b) point to the importance of species sensitivity to recovering from such disturbances. However, this study reveals that the composition of mangroves was altered because of harvesting or initiation of anthropogenic activities. It is important to note that in Ndian, there were stands where species diversified as harvesting intensity increased (Table 3) while mangrove stands in Fako remained monospecific. This is in contrast to observations by Walters (2005b) and López-Hoffman et al. (2006) that harvested stands of Aviccennia marina, Rhizophora appiculata, Rhizophora muconata, Sonneratia spp. and R. mangle, respectively, are characterised by a loss in species diversity, although their findings correlate in the case of true mangrove species. In this study, it was observed that pure mangrove stands were monospecific. This is in conformity with Tomlinson's (1986) classification of pure mangrove stands as being monospecific. This condition is, however, altered by the onset of disturbances. According to Harun-or-Rashid et al. (2009) persistent disturbances limit incoming propagules from adjacent forest stands, hence facilitating gap invasion by non-mangrove and mangrove associate species. This alters speciation, hence altering ecology of the system. For instance Acrostichum spp. limits regeneration of Rhizophora spp. by either competing for nutrients and/or acting as a barrier to the free landing of propagules . In Ndian, Nypa spp. were similarly invasive in heavily disturbed sites (field observation). It is difficult to conclude, however, how wood harvesting is implicitly affecting the composition of mangrove stands in this region because of lack of historical information and data about these forests.
Implications of harvesting practices for the regeneration of mangrove seedlings and saplings
Seedling establishment and recruitment were best in minimally exploited stands, and least in heavily exploited stands, where harvesting intensity was optimal. This is because initiation of exploitation creates gaps, which offer better growth conditions (Clarke and Kerrigan 2000; Clarke 2004 ). However, as gap size increases due to excessive exploitation the soil hardens; its aggregate stability diminishes and favours propagule wash by tides limiting the chances of natural regeneration (FAO 1994) . Regeneration was moderate in the pristine, non-exploited stands because under shade, seedlings, saplings and poles remain suppressed with inadequate light supply (Tomlinson 1986 ). The high stocking density also favours competition for nutrients, hence the relatively low performance of seedlings in T 3 areas. Natural regeneration after intensive exploitation in mangroves is generally poor. This is because interference in the system alters the substrate and makes it difficult for free-floating propagules to come to undisturbed rest, before the seed loses vigour. Intensive wood harvesting also promotes the death and decline in the population of young trees and seedlings (Robert et al. 2006) , while submerged slash emanating from branches and leaves in such areas can facilitate propagule implantation (Hamilton and Snedaker 1984; Stieglitz and Ridd 2001; Krauss et al. 2005) . It was identified in the study that scavenging activities of women resulted in such debris being removed, while the combined action of men and women altered the normal food supply to visiting and residential fauna, hence enhancing the probability of predation on mangrove propagules (Cannicci et al. 2008) .
While there is scientific consensus that in order to develop a sustainable management plan for mangroves, there is need for regeneration data; there is still too few data as to which factors influence exactly the establishment and early development of mangrove (Jimenez et al. 1985; Krauss and Allen 2003; Di Nitto et al. 2008; Krauss et al. 2008 ). However, this study elucidates that the interaction of men and women within mangrove areas influences the regeneration of seedlings and saplings to varying extents. However, their combined actions can have multiplier negative implications on the development and performance of these seedlings.
Conclusions
The growing body of research on mangrove wood harvesting has largely excluded the West and Central African region and has also not focused much on the consideration of gender roles. While such studies have enriched our understanding of the pervasive effects of small-scale cutting on mangrove population ecology and nutrient cycling, only a few have looked at the implications of such activities on regeneration.
This study highlights the conflicting, but complementary gender roles in the management of mangrove resources in the SWR of Cameroon. The current harvest style by women is characterised by a larger working area, seasonal harvesting, smaller tree size and more abandoned wood. This enhances mangrove ecosystem degradation, whereby the effect is exacerbated because of the catalytic harvesting practices actions of men (less frequent, small scale, selective harvesting of larger trees). Hence, it is increasingly evident that the conservation of mangroves in this region cannot be done without considering the varying impacts of gender roles and resource utilisation patterns. This is because although all groups are aware of the direct economic benefits of the system to their social and economic wellbeing, they are largely unaware of the need to sustain the ecological foundations of the system for posterity.
This study elucidates the direct implications of current harvesting practices by gender groups on the population ecology of mangroves. However, it is difficult to establish how much of the original mangrove population structure or composition has been altered because to the lack of baseline data and the limited sample size of this study. Notwithstanding, the intensity of harvesting practices influences seedling establishment and recruitment, because subsequent development of the former is influenced by complex factors (McGuinness 1997; Clarke 2004; Cannicci et al. 2008; Krauss et al. 2008) . The stability of these factors is seriously altered by intensive harvesting practices, and this destabilisation might dampen the power of this system to rejuvenate to its original status (Sherman et al. 2000) . This study also points out that some level of harvesting is required to promote better stand stocking density (Table 2) . However, it is not known what exploitation levels are compatible with ecosystem sustainability in this region. Hence, to help sustain mangroves in this region, further research on wood harvesting levels and implications on factors affecting growth is essential. Communities need to be provided with alternative sources of livelihood, educated on the values of mangroves, harvesting strategies, mangrove regeneration techniques and overall improvements in the management of mangrove forests.
